[1] for a concise review). With the experimental progress, the family of charmonium-like states has more and more expanded. These observations have been continuing to surprise us with novel discoveries of the exotic properties, and inspire theorists' extensive interest in exploring the underlying mechanism behind those peculiar phenomena. Because these observations of charmonium-like states are closely related to nonperturbative effects of quantum chromodynamics (QCD), the study on charmonium-like states provides us a good chance to deepen our understanding of the QCD confinement, which is one of the most important issues in particle physics.
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We propose that the unified Fano- INTRODUCTION.-In the past 12 years, dozens of charmonium-like states were observed by several major particle physics experiments such as the CLEOc, BaBar, Belle, CDF, DØ, LHCb, BESIII and so on (see Ref.
[1] for a concise review). With the experimental progress, the family of charmonium-like states has more and more expanded. These observations have been continuing to surprise us with novel discoveries of the exotic properties, and inspire theorists' extensive interest in exploring the underlying mechanism behind those peculiar phenomena. Because these observations of charmonium-like states are closely related to nonperturbative effects of quantum chromodynamics (QCD), the study on charmonium-like states provides us a good chance to deepen our understanding of the QCD confinement, which is one of the most important issues in particle physics. In addition, Y(4260) and Y(4360) were proposed to be exotic states, including hybrid charmonium [19] and molecular states [20] . Among these possible exotic structures, the DD 1 molecular state [20] In physics, the Fano interference which was studied a long time ago for understanding some problems in atomic and nuclear physics, results in a Fano resonance. In that framework, the genuine mass eigenstate φ (or φ i 's) interacts with the continuum via the Fano Hamiltonian and the consequence is that the peak position of φ is shifted and an additional phase is caused which would distort the Gaussian line shape of the resonance φ to be asymmetric [21, 22] . In atomic physics [23] , condensed matter physics [24] , and even nuclear physics [26] the Fano interference phenomena have been widely studied. Moreover, the interference between the signal of the Higgs resonance in gluon fusion and the continuum background for gg → γγ was also considered by Dixon and Li a while ago [25] and it is a Fano-like effect as a matter of fact. Along the same lines, a while ago Cao and Lenske [27] indicated that the distortion of the ψ(3770) line shape could be understood by the Fano effect. Additionally, there were some papers which discussed the importance of this mechanism in XYZ physics [28] [29] [30] [31] . In this work, we apply the Fano-like interference picture to explain puzzles for charmonium-like states Y(4260) and Y(4360) and it is a typical example in particle physics at the lower energy region to discuss hadron spectra. The success of the application not only reveals the underlying mechanism resulting in Y(4260) and Y(4360), but also stimulates extensive interest in exploring other Fano interference phenomena in hadronic reactions.
FANO-LIKE INTERFERENCE PICTURE FOR Y(4260) and Y(4360).-The
Fano-like interference refers to the interference between continuum and resonance contributions. For an analytical calculation on the interference between the continuum and resonance contributions to e + e − → π + π − J/ψ, one needs concrete information about the background. Since so far, no data on the pure background are available, for describing the continuum contribution we have to adopt an empirical formula to deal with the background, namely, the cross section contributed by the continuum background is written as
with u = √ s − f m f being the available kinetic energy, where √ s is total energy in the center-of-mass frame of e + e − and f m f sums over the masses of all particles in the final state. Additionally, two phenomenological parameters a and g which are obviously related to non-perturbative QCD, can be treated as free parameter to be determined by fitting the experimental data of e + e − → π + π − J/ψ. The expression indeed gives a smooth curve for the background and this expression is somehow similar to the formula for describing the background in three-body decays of B-mesons, i.e., the Argus function. However since there is no experimental support to the empirical formula, in the following computations, we will turn to an alternative way to determine the Fano-interference.
Besides the continuum contribution, there exists contribution to e + e − → π + π − J/ψ from the genuine resonances, where electron and positron annihilate into a virtual photon, which converts into a vector charmonium. Later this charmonium which is on mass shell decays into the final state π + π − J/ψ. Then, the mode induced by the intermediate vector charmonium interacts with the direct annihilation of e + e − into π + π − J/ψ which stands as the continuum background,via the Fano-like Hamiltonian. Since the Fano-like interaction shifts the peak position of the resonance to the experimentally observed position, thus the key point is to identify a suitable intermediate vector charmonium which must possess the required quantum numbers and not be far away from the observed peak. That is the crucial task. Indeed, we notice that the charmonium-like structure Y(4260) under discussion resides between two well known higher charmonia ψ(4160) and ψ(4415). We suppose that via a Fano-like interaction, they may produce the Y(4260) and Y(4360) signals.
In general, the contribution of a higher charmonium to e + e − → π + π − J/ψ can be described as
where Φ 2→3 (s) denotes the phase space for After considering the interference between continuum and resonance contributions, the total signal amplitude of e + e − → π + π − J/ψ can be parametrized as
where A Continuum , A ψ(4160) and A ψ(4415) are defined in Eqs.
(1)-(2). In this signal amplitude, there exist 6 free parameters, which are, Fig. 1 , where the experimental data are taken from publications of the Belle [3, 4] and CLEO collaborations [32] .
From The parameters determined by fitting the experimental data of the cross section of e + e − → π + π − J/ψ are listed in Table  I , which is believed to provide valuable information toward further studying similar effects. Now we would like to investigate what other consequences and predictions we may draw from this scenario.
The production rates R ψ(4160) ≡ Γ .
R ψ(4160) (2.6 ± 0.7) eV φ 1 (6.0 ± 0.1) rad R ψ(4415) (5.2 ± 0.7) eV φ 2 (4.4 ± 0.1) rad
are fitted to be (2.6 ± 0.7) eV and (5.2 ± 0.5) eV, respectively. By fitting the data of e + e − → π + π − J/ψ (both line shape and cross section), we gain the production rates R ψ(4160) and R ψ(4415) which are products of two factors. Once Γ 3) × 10 −3 , respectively. Unfortunately, however, so far the experimental measurements on the branching ratios of such modes do not reach a satisfactory accuracy level, i.e, the corresponding errors are across a wide range, so that any solid conclusion are hard to make at present yet. However, on the optimistic aspect, the rough measurements still provide valuable information for theoretical studies. The upper limit of B(ψ(4160) → π + π − J/ψ) was measured to be 3 × 10 −3 by the CLEO Collaboration [32] , which is quoted by Particle Data Group [8] . Our results are consistent with the available data even though they are not precise.
When the Y(4260) signal is successfully reproduced through the Fano-like interference picture, we naturally extend the same mechanism to study another charmonium-like structure Y(4360) observed in e + e − → π + π − ψ(3686). Our model in Eq. (3) also applies to this investigation. By fitting the experimental data of the cross sections of
, we obtain the values of fitted parameters which are listed in the lower part of the Table I altogether with that for e + e − → π + π − J/ψ. The corresponding energy distribution curve of the e + e − → π + π − ψ(3686) cross section which is calculated in our model is shown in Fig. 2 and (4.0 ± 1.9) × 10 −3 respectively. The upper bound of B(ψ(4160) → π + π − J/ψ) was reported to be 4 × 10 −3 by the CLEO Collaboration [32] , which is also consistent with our results. Since those branching ratios have not been well experimentally measured so far, we suggest to carry out further experimental study on these hidden-charm dipion decays up to a high accuracy. To understand the functions of the resonances and the continuum background, in Fig. 3 , their individual contributions to the mass spectra are shown along with the final result where the interferences are accounted for. It is interesting to notice that the line shapes of the interferences in the cross sections for e + e − → π + π − J/ψ and e + e − → π + π − ψ(2S ) are very similar. In addition, we also check the obtained fitted parameters listed in Table I . The results will be checked by future precise experimental measurements, so that they are not only valuable information for the studies on ψ(4160) and ψ(4415), but also can be applied to verify the proposed picture.
In summary, the present study provides an optimistic scenario to understand these peculiar charmonium-like states. It is believed that the proposed mechanism may stimulate more extensive discussions about charmonium-like states. Before closing this work, we would like to persuade our experimental colleagues to carry out a study on similar processes e + e − → π + π − ψ(3770) and e + e − → K + K − J/ψ, where the resonance contributions of ψ(4160) and ψ(4415) would interfere with the continuum contribution. Such Fano-like interference phenomena should be observed by BESIII and forthcoming BelleII which have a remarkable opportunity to make solid confirmation about the mechanism (or negate it).
